Twonew inhibitors of ICAM-l/LFA-1 mediated cell adhesion molecule, adxanthromycins A and B were isolated from the cultured broth of a streptomycete strain. The strain was identified as Streptomyces sp. NA-148 from its morphological and physiological characteristics. Adxanthromycins A and B inhibited the formation of the JY cell aggregates from 1.5 /ig/ml, respectively, in a dose dependent manner. Components A and B also inhibited a human T cell leukemia cell line SKW-3adhesion to soluble ICAM-1in a dose-dependent manner with an IC50 of 1 8.8 jug/ml and 25.0 jug/ml, respectively.
Cell adhesion processes play roles in pathological conditions such as chronic inflammation and cancer metastases. Intercellular adhesion molecule-1 (ICAM-1: CD54) and lymphocyte function-associated antigen-1 (LFA-1 : CD1 1a/CD18) are cell surface adhesion molecules that interact with one another to promote a number of cellular interactions, including antigen-specific T lymphocyte stimulation1>2) and leukocyte adhesion to endothelium followed by emigration into sites of inflammation3'^. Morphological observations were made with a scanning electron microscope (model Hitachi S-4100). Cultural and physiological characteristics of the strain NA-148were examined by the methods of Shirling and Gottlieb12). For the evaluation of cultural characteristics, the strain was incubated in ISP media at 27°C for 2 to 3 weeks. The substrate and aerial mass color were assigned by Color Harmony Manual13). 
JY Cell Cytotoxicity
The cytotoxicity of samples against JY cells was determined by a calorimetric analysis using WST-117).
Twenty jA ofWST-1 was added to each well at the end of culture for evaluation of cytotoxicity of the test samples. After 4 hours incubation at 37°C, OD405was measured and cytotoxicity of the test samples was calculated. The sample which inhibited JY cell aggregation without cytotoxicity was further evaluated for its activity in the cell adhesion
assay.
An Adhesion Assay Using Soluble ICAM-1 and LFA-1 A Cell-free Adhesion Assay between ICAM-1 and LFA-1
The method was described elsewhere19). Briefly, microtiter plates were coated with soluble ICAM-1 (4/ig/ml in phosphate buffered saline) over night at 4°C (50jUl/well). After blacking with 2% BSA, the soluble LFA-1 (lOjUg/ml) diluted with TSM buffer was added to the wells together with adxanthromycins for an hour at 25°C (50^1 of each/well). After washing with TSMbuffer containing 0.05% Tween-20, the plates were incubated with biotinylated TS2/4 (non-neutralizing anti-LFA-1 mAb) followed by streptavidin-HRP (Amersham, Arlington
Heights, IL, USA). The plates were washed and developed using ABTSsubstrate.
Results and Discussion
Taxonomyof The Producing Strain
The producing microorganism, strain NA-148, was isolated from a soil sample collected in Kanuma City, Tochigi Prefecture, Japan. The cultural characteristics of strain NA-148 grown on various media at 27°C for 21 days are shown in Table 1 . The growth of aerial mycelium was good on every agar media employed. The strain formed straight sporophores on the aerial mycelium and the spores were cylindrical, 0.5-0.7X0.5-1.0mm in size, having a smooth surface with some wrinkles on ISP agar medium (Fig. 2) . The physiological properties of this strain are summarized in Table 2 . Whole-cell hydrolysate analysis showed the presence of LL-diaminopimelic acid in the strain. On the basis of morphological and chemical characteristic, strain NA-148was found to belong to the genus Streptomyces. Bar represents 1.38^m.
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Fermentati on Aloopful of a mature slant culture of Streptomyces sp.
NA-148 was inoculated into a seed medium (10ml) consisting of glycerol 2.0%, soybean powder 1.5%, CaCO3 0.3%, KH2PO4 0.01%, Na2HPO4-12H2O 0.04%, MgSO4-7H2O 0.05% (pH 7.0) at 27°C for 3 days on a rotary shaker (230rpm). The seed culture was inoculated into a 500-ml Erlenmeyer flask containing 100ml of the same medium, then cultured at 27°C for 5 days on a rotary shaker (180 rpm). The whole culture was transferred into a 5-liter mini-jar fermentor containing 3 liters of the same medium and cultured at 27°C for 9 days (agitation; 250rpm, aeration; 3liters/minute). Production of the inhibitor in the fermentation broth was monitored by JY cell aggregation assay and an adhesion assay using soluble ICAM-1 and LFA-1 positive SKW-3cells. The production of adxanthromycins began at day 3 and reached maximum at day 5.
Isolation
The procedure for the isolation of 1 and 2 is shown in Scheme 1. The fermentation broth was filtrated to give supernatant and mycelium cake. The mycelium cake was extracted with acetone. The extract was filtered and concentrated in vacuo to an aqueous solution. The solution was extracted twice with 2.5 liters of ethyl acetate.
After evaporation, the crude powder (7.0 g) obtained was using an ODS column (Senshu Pak ODS-H-5251, 20mm i.d. X250mm). Active fractions were concentrated in vacuo. The residue was extracted with ethyl acetate at pH 3. The extract was concentrated in vacuo to obtain the powderof 1 and 2. Each powder was washed with an acidic aqueous solution and then with 50%aqueous methanol to isolate 1 and 2 as a pale yellowish powder.
Biological Activities
Compounds1 and 2 inhibited homotypic aggregation of JY cells from 1.5/ig/ml in a dose dependent manner. A complete inhibition was observed at 6.25 /ig/ml (Fig. 3) . Potency of inhibitory activities of compounds 1 and 2 in the aggregation assay was almost the same. The toxicity (IC50) of 1 and 2 against JY cell was 15.2jug/ml. Compounds 1 and 2 also inhibited SKW-3adhesion to soluble ICAM-1in a dose-dependent manner with an IC50 of 18.8/ig/ml and 25.0 /ig/ml, respectively. On the other hand, the cell toxicity (IC50) of adxanthromycins against SKW-3 was HO.O^g/ml.
The inhibitory activity of the compounds in the cell-free receptor binding assay was examined in the manner reported previously19).
Adxanthromycins showed weak inhibition in the assay with an IC50 of 760 /ig/ml in the cellfree system.
Musza et al. have reported novel inhibitors of ICAM-
1/LFA-l mediated adhesion molecule, seco-limonoids20) and cucurbitacin E21) isolated from the root of Trichilia rubra (Meliaceae), and from the stem and leaves of Conobea scoparioides (Scrophulariaceae), respectively.
